The National Ocean Service (NOS), w i t h i n t h e National Oceanic and Atmospheric Administrat i o n (NOAA), operates and maintains a National Water Level Observation Network (NWLON) t o a c c o m p l i s h i t s s t a t u t o r y r e s p o n s i b i l i t y f o r measuring, collecting, analyzing, and dissemin a t i n g w a t e r l e v e l d a t a . Because the equipment used t o s u p p o r t t h e NWLON i s aging and l a r g e l y o b s o l e t e , NOS i s r e p l a c i n g it w i t h a modernized system--the Next Generation Water Level Measurement System (NCWLMS). The MGh' LMS i s a f u l l y i n t e g r a t e d s y s t e m i n c l u d i n g new technology field sensors and storage/recording e q u i p m e n t , m u l t i a l e s t a t e -o f -t h e a r t d a t a transmission options, and i n t e g r a t e d c e n t r a l d a t a p r o c e s s i n g , a n a l y s i s , and dissemination subsystems.
l a r g e l y o b s o l e t e , NOS i s r e p l a c i n g it w i t h a modernized system--the Next Generation Water Level Measurement System (NCWLMS). The MGh' LMS i s a f u l l y i n t e g r a t e d s y s t e m i n c l u d i n g new technology field sensors and storage/recording e q u i p m e n t , m u l t i a l e s t a t e -o f -t h e a r t d a t a transmission options, and i n t e g r a t e d c e n t r a l d a t a p r o c e s s i n g , a n a l y s i s , and dissemination subsystems.
T h i s paper will r e p o r t on t h e r e s u l t s o f an evaluation of 20 p r o t o t y p e f i e l d u n i t s and d e s c r i b e t h e p r o g r e s s t o d a t e on a c q u i r i n g t h e
o v e r a l l s y s t e m h a r d w a r e and software.
The production field u n i t s will be c h a r a c t e r i z e d a n d compared t o t h e d e t a i l e d s p e c i f i c a t i o n s u n d e r w h i c h t h e y were purc h a s e d .
F i n a l s y s t e m r e q u i r e m e n t s a n d c a p a b i l i t i e s will a l s o be o u t l i n e d .
3ACKGROUI.JD I n F i s c a l Year 1984, the National
Ocean Service (NOS) o f t h e X a t i o n a l 3 c e a n i c a n d
A t m o s p h e r i c A d m i n i s t r a t i o n ( N O A A ) began funding a program t o update and modernize the field equipment
and c e n t r a l h e a d q u a r t e r s ' p r o c e s s i n g s y s t e m used t o c o l l e c t , process, analyze, and disseminate water level and o t h e r a n c i l l a r y o c e a n o g a p h i s and meteorological d a t a f r o m i t s National Water Level Observation Netdork (NI-ILON).
Management of the program was f o r m a l l y a s s i g n e d t o t h e Ocean Systems Division (OSD), an engineering group within NOS'S Office of Oceanography and Marine Assessment (OMA).
OSD's engineers work c l o s e l y w i t h the personnel of the Sea and Lake Levels Branch (SLLB) of OMA's Physical 3ceanography Division (POD) where the nanagenent and o p e r a t i o n s f o r t h e p r e s e n t NWLON l i e and where t h e program requirements are generated.
The NXLON i n c l u d e s 225 p e r m a n e n t s t a t i o n s wi2h a p p r a x i a a t e l y 150 temporary supplemental stations located on t h e t i d a l w a t e r s o f t h e U n i t e d S t a t e s , i t s t e r r i t o r i e s , and the Great Lakes.
Water l e v e l a e a s u r e m e n t s a r e c o l l e c t e d and recorded at each s t a t i o n and then processed by c e n t r a l f a c i l i t i e s a t NOS Headquarters at Rockville, Yaryland.
The ?IWLON is supported by F e d e r a l e m p l o y e e s a t t h e A t l a n t i c Operations Group (AOG) i n Norfolk, Virginia, and t h e P a c i f i c O p e r a t i o n s Group (POG) i n S e a t t l e , W a s h i n g t o n , who a r e r e s p o n s i b l e f o r s t a t i o n maintenance and p e r i o d i c l e v e l i n g of a network of benchmarks.
I n some a r e a s of t h e U n i t e d S t a t e s , p r i v a t e c o n t r a c t o r s p e r f o r m t h e m a i n t e n a n c e and l e v e l i n g . D a t a f r o m t h e NWLON a r e p r o c e s s e d , a n a l y z e d , d i s s e m i n a t e d , and s t o r e d a t NOS Headq u a r t e r s .
The p r i m a r y l i m i t a t i o n s and operating problems with t h e NVLON r e s u l t from the technology used. Each permanent NWLON s t a t i o n i s g e n e r a l l y composed of an i n s t r u m e n t s h e l t e r ; w a t e r l e v e l g a g e , i n c l u d i n g a b a c k -u p g a g e ; s t i l l i n g w e l l ; r e f e r e n c e s t a f f o r gage; and bench marks. Analog-to-Digital Recorder (ADR) t i d e g a g e s have been used as t h e p r i n c i p a l measurement equipment s i n c e 1965. An ADR gage measures water level by means of a f l o a t and w i r e a t t a c h e d t o a s p r i n g loaded drive.
A s t h e w a t e r r i s e s and f a l l s , t h e drum r o t a t e s and t u r n s a mechanical shaft encoder t h a t c o n v e r t s t h e a n a l o g s i g n a l t o a d i g i t a l reading.
Under t h e c o n t r o l o f a timer, the encoded r e c o r d s t h e w a t e r l e v e l i n t o a punched paper tape. To f i l t e r most wave e f f e c t s from t h e r e a d i n g , t h e f l o a t and wire are mounted i n a v e r t i c a l p i p e w i t h u.S. Government work not protected by US. copyright a s m a l l o r i f i c e zt t h e b o t t o m , r e f e r r e d t o a s a " s t i l l i n g well."
Water l e v e l h e i g h t s are recorded with a r e s o l u t i o n o f 0.01 foot.
The g a g e s a c t u a l l y m e a s u r e t h e v e r t i c a l c h a n g e i n h e i g h t o f t h e w a t e r s u r f a c e r e l a t i v e t o t h e a d j a c e n t land. Five times per week t i d e o b s e r v e r s compare t h e g a g e r e a d i n g s w i t h e i t h e r r e a d i n g s f r o m a manually operated e l e c t r i c tape gage (ETG) o r v i s u a l water readings on t h e r e f e r e n c e s t a f f .
The observer writes t h e s t a f f r e a d i n g o n t o l o g forms and marks t h e c o r r e c t time d i r e c t l y on t h e t i d e r o l l .
The ETG o r t i d e s t a f f , i n t u r n , is connected by p r e c i s e l e v e l i n g t o a suite of permanently secured bench m a r k s l o c a t e d i n t h e v i c i n i t y of t h e s t a t i o n . T y p i c a l l y , t h e l e v e l i n g is conducted twice each
year.
An analog recording pressure gage, viz., a "bubbler" g a g e , i s u s e d t o p r o v i d e b a c k u p d a t a a t e a c h permanent s i t e and is the primary water level sensor a t many temporary and some p e r m a n e n t s t a t i o n s t h a t cannot support a f l o a t and well i n s t a l l a t i o n . On t h e a v e r a g e , 75 t e m p o r a r y a n a l o g s t a t i o n s a r e operated each year.
The bubbler gages measure the changes in water pressure above an o r i f i c e i n o r d e r t o s e n s e t h e r i s e and f a l l o f t h e w a t e r l e v e l .
Nitrogen is bubbled through an underwater t u b e i n order t o c o n t i n u a l l y p u r g e w a t e r f r o m t h e o r i f i c e . T h i s c a u s e s p r e s s u r e i n t h e o r i f i c e / t u b i n g t o be p r o p o r t i o n a l t o t h e h e i g h t of the water above t h e o r i f i c e .
A bellows senses t h e pressure changes and moves a pen on a moving sheet of paper. Accuracy v a r i e s d e p e n d i n g o n t i d a l r a n g e a n d o t h e r environmental conditions and is i n t h e r a n g e of +/- Two methods of d a t a r e t r i e v a l and t r a n s m i s s i o n a r e u s e d w i t h t h e p r e s e n t NWLON:
(1) mailing of paper r e c o r d i n g s and ( 2 ) telephone telemetry.
A t 170 perm a n e n t s t a t i o n s , d a t a r e t r i e v a l i s the respons i b i l i t y of t h e t i d e observer.
The punched paper tapes and/or analog recordings, Comparative staff r e a d i n g s , l e v e l i n g r e c o r d s , and s t a t i o n documentat i o n a r e m a i l e d a t t h e end of each month by t h e t i d e o b s e r v e r t o NOS Headquarters. D a t a r e c o r d i n g a n d t r a n s m i s s i o n c a p a b i l i t i e s a r e a n t i q u a t e d and inadequate. The p r a c t i c e Of monthly m a i l i n g s by t i d e o b s e r v e r s d e l a y s p r o c e s s i n g and a n a l y s i s by s i x weeks.
This delay has not been a problem for the present nautical charting system, b u t will be a p r o b l e m o n c e e f f o r t s a r e c o m p l e t e d t o i n s t a l l new generation, on-board computer systems on t h e NOAA h y d r o g r a p h i c f l e e t .
The new system will a p p l y t i d a l c o r r e c t o r s f o r c h a r t datums i n real-time w h i l e t h e s h i p s a r e a t t h e S u r v e y S i t e s -A t p r e s e n t , t h e d a t a p r o c e s s i n g f u n c t i o n s a r e fragmented. Budgetary limitations and the Various o p e r a t i n g c h a r a c t e r i s t i c s o f a u t o m a t e d d a t a proc e s s i n g (ADP) equipment procured a t d i f f e r e n t times have precluded development of an i n t e g r a t e d d a t a processing and analysis system and h a v e r e s u l t e d i n NOS having t o o p e r a t e and maintain nine varied and d i s p a r a t e s o f t w a r e s y s t e m s t o g a t h e r t h e s e d a t a , e d i t and process the data, produce reports, and maintain a l o c a l a r c h i v e . I n a d d i t i o n , t h e s e n i n e s o f t w a r e systems r u n o n s i x d i f f e r e n t h a r d w a r e systems a n d a r e l a b o r -i n t e n s i v e w i t h r e s p e c t t o q u a l i t y c o n t r o l and assurance.
PROTOTYPE FIELD UNITS
B e c a u s e t h e t e c h n o l o g y a n d e q u i p m e n t u s e d t o support the NWLOH are aging and l a r g e l y o b s o l e t e , NOS is r e p l a c i n g t h e equipment i n t h e f i e l d and a t NOS headquarters with a modernized system-the Next Generation Water Level Measurement System (NGWLMS). This modernization program involves a major upgrade o f t h e e x i s t i n g system through complete end-to-end h a r d w a r e r e p l a c e m e n t , a n d t h e a p p l i c a t i o n o f technology advances of the l a s t decade.
It will i n c l u d e new a n d a d d i t i o n a l s e n s o r s , i m p r o v e d m e a s u r e m e n t t e c h n i q u e s , m i c r o p r o c e s s o r -b a s e d r e c o r d i n g e q u i p m e n t , m u l t i p l e d a t a t r a n s m i s s i o n options, and i n t e g r a t e d d a t a p r o c e s s i n g , a n a l y s i s and di6semination subsystems (see Figure  2 ).
NEW GENERATION WATER LEVEL MEASUREMENT SYSTEM
Figure 2 The NGWLMS c o n s i s t s of f i v e f u n c t i o n a l s u b s y s t e m s :
1. Sensor/measurement 2. Data c o l l e c t i o n and recording 3. Data transmission 4. Data processing and a n a l y s i s 5. Data and information dissemination
The NGMLMS system design i s based on proven, stateo f -t h e -a r t c o m p o n e n t s i n v o l v i n g a n i n t e g r a t i o n e f f o r t r a t h e r t h a n a development e f f o r t . A modular approach has been specified t o design and incorporate nardware and s o f t w a r e t o e n s u r e t h a t any r e p a i r s o r f u t u r e i n t e g r a t i o n c a n be made e a s i l y .
The NGWLMS concept consists of a core system and an expanded system.
The core system a d d r e s s e s t h e replacement of a l l f i v e major subsystems as they r e l a t e t o t h e
NWLON; a l l o f t h e e x i s t i n g p r o d u c t s and services (with major improvements); and s p e c i f i c h i g h -p r i o r i t y new c a p a b i l i t i e s f o r p r o d u c t s and services, mostly related to near real-time or realtime operations.
The expanded system will p r o v i d e t h e c a p a b i l i t y t o s a t i s f y a number of known requirements, or expected r e q u i r e m e n t s , t h a t a r e n o t i n c l u d e d a t t h e p r e s e n t time because of a need f o r r e s e a r c h and development, major coordination and p h a s i n g f a c t o r s r e l a t e d t o o t h e r p r o g r a m a r e a s , p r e s e n t f u n d i n g p r i o r i t i e s , e t c .
T h e s e i n c l u d e s u c h t h i n g s a s a s p e c i a l h y d r o g r a p h i c m o d u l e w i t h a r a d i o t r a n s m i t t e r , a t s u n a m i w a r n i n g m o d u l e , o p e r a t i o n a l l i n k s t o g e o d e t i c Very-Long Baseline Interferometry ( V L B I ) a n d G l o b a l P o s i t i o n i n g S y s t e m s ( G P S ) ; and f u l l network l i n k t o a l l NOAA oceanic and meteorological s e r v i c e s .
However, the core system w i l l allow for f l e x i b l e i n t e r f a c e c a p a b i l i t y and system growth t o f a c i l i t a t e l a t e r accommodations of the expanded system.
A remate water level sensor is a key component i n NGWLMS.
A s such, thorough t e s t and evaluation of t h i s d e v i c e was e s s e n t i a l t o e n s u r e t h a t i t meets t h e p e r f o r m a n c e r e q u i r e m e n t s p o s e d f o r NGWLMS. Based on previous studies, an a i r a c o u s t i c r a n g i n g w a t e r l e v e l s e n s o r was s e l e c t e d a s t h e b a s i c measurement instrument t h a t will be u s e d i n NGWLMS.
I n May 1984, NOS c o n t r a c t e d f o r t h e d e l i v e r y of 36
Aquatrak sensors (Aquatrak is a product of Bartex, Inc., Annapolis, MD). I n July 1984, the planning for a comprehensive t e s t and evaluation of t h e s e d e v i c e s by an independent organization, the Applied Physics L a b o r a t o r y o f T h e J o h n s H o p k i n s U n i v e r s i t y , commenced.
The o b j e c t i v e of t h i s procurement and e v a l u a t i o n was t o v e r i f y t h e p e r f o r m a n c e o f t h i s sensor and t o i d e n t i f y p o t e n t i a l p r o b l e m s .
The term front-end subsystem was used t o c h a r a ct e r i z e t h a t p o r t i o n of t h e NGGiLMS t h a t is p h y s i c a l l y l o c a t e d a t a t i d e and w a t e r l e v e l s t a t i o n and i s r e f e r r e d t o a s t h e f i e l d u n i t . I t c o n s i s t s o f a c o l l e c t i o n
o f i n d i v i d u a l s e n s i n g / m e a s u r e m e n t s u b s y s t e m s ( e . g . , f o r w a t e r l e v e l , a i r p r e s s u r e , temperature, w i n d , c u r r e n t ) ; t h e d a t a c o l l e c t i o n and r e c o r d i n g s u b s y s t e m ; and ' , h a t p a r t o f t h e d a t a transmission subsystem that is l o c a t e d a t t h e f i e l d s t a t i o n s . T a b l e I i s a b r i e f h a r d w a r e d e s c r i p t i o n o f t h e p r o t o t y p e f i e l d u n i t s . Three of t h e s e u n i t s underwent comprehensive field testing at t h e 'J.S. Army Corps of Engineers' t e s t f a c i l i t y i n Duck, North Carolina. Following factory acceptance, a l l t h e u n i t s were i n s t a l l e d and evaluated within the prototype network. See Table  I1 f o r a l i s t of t h e l o c a t i o n s o f t h e 20 p r o t o t y p e f i e l d u n i t s .
The f i e l d u n i t i s a c r i t i c a l e l e m e n t w i t h i n NGWLMS, and a l t h o
The laboratory and f i e l d t e s t and e v a l u a t i o n o f t h e prototype front-end subsystem or field u n i t s was c o n s i d e r e d c r i t i c a l t o c o n t i n u i n g a n y f u r t h e r NGWLMS procurement process.
The e v a l u a t i o n was i n t e n d e d t o c o m b i n e a l l o f t h e e l e m e n t s t h a t r e p r e s e n t e d s i g n i f i c a n t t e c h n i c a l and economic r i s k and t o t e s t t h e b a s i c p r i n c i p l e s and d e s i g n s upon which t h e NGWLMS was based.
The f i e l d e v a l u a t i o n of the prototype network provided engineering data t o v e r i f y t h e p e r f o r m a n c e o f t h e i n i t i a l d e s i g n concept.
The prototype network served to define t h e f i n a l t e c h n i c a l r e q u i r e m e n t s t h a t were included i n the Statement of Work and S p e c i f i c a t i o n s f o r subsequent procurement of the production MGWLMS f i e l d u n i t s .
The 
A s i t e s e l e c t i o n m e t h o d o l o g y was developed and n u m e r o u s s e l e c t i o n c r i t e r i a -. -( s e e T a b l e 11) were e s t a b l i s h e d t o i d e n t i f y b o t h . t h e s i t e s f o r t h e prototype network installations and the conf igurat i o n s f o r t h e s e n s i n g l m e a s u r e m e n t s u b s y s t e m s associated w i t h t h e s e i n s t a l l a t i o n s . These s i t e s e l e c t i o n t e c h n i q u e s will a l s o be t h e b a s i s f o r e s t a b l i s h i n g
t h e d e p l o y m e n t s c h e d u l e f o r t h e production NGWLMS f i e l d u n i t s .
The prototype u n i t s were i n s t a l l e d a t t h e s e l e c t e d e x i s t i n g t i d e and w a t e r l e v e l s t a t i o n s i n such a manner a s t o p r o v i d e d a t a c o r r e l a t i o n w i t h
measurements obtained from the existing ADR equipment. The following parameters were a d d r e s s e d w i t h r e s p e c t t o t e s t s on the Aquatrak water level sensor: effects of environmental temperature extremes, temperature g r a d i e n t e r r o r s , f o u l i n g e f f e c t s , a n d o v e r a l l measurement q u a l i t y ( i . e . , k q u a t r a k v e r s u s ADR) .
A f i e l d h i s t o r y on f a i l u r e s was a l s o l o g g e d t o o b t a i n an empirical view of r e l i a b i l i t y . The o t h e r components of t h e f i e l d u n i t s -t h o s e e l e c t r o n i c s u s e d f o r a c q u i r i n g , p r e p r o c e s s i n g , and t r a n s m i t t i n g t h e d a t a
-were evaluated for system c a p a c i t i e s ( i . e . , b a t t e r y c a p a c i t y , memory capaci t y , and a u x i l i a r y s e n s o r l o a d ) , normal system p e r f o r m a n c e ( a c q u i s i t i o n , p r e p r o c e s s i n g , a n d t e l e m e t r y c a p a b i l i t i e s ) , s p e c i a l f u n c t i o n s ( s e l ft e s t , p a r a m e t e r d o w n l o a d i n g , and data recovery c a p a b i l i t i e s ) , and r e l i a b i l i t y , By September 30, 1986, nineteen NGWLMS p r o t o t y p e u n i t s h a d b e e n i n s t a l l e d i n t h e f i e l d w i t h o n e retained at Rockville, Maryland, for test, debug, and display purposes. Data from these units were analyzed and compared t o s t a n d a r d f l o a t -p u n c h e d p a p e r t a p e f i e l d r e s u l t s .
The p e r c e n t a g e o f s a t e l l i t e d a t a r e t u r n e d was over 99.5 p e r c e n t f o r 7 sites analyzed when the redundant water level data was u s e d .
S t a t i s t i c s from 5 i n t e r c o m p a r i s o n s i t e s i n d i c a t e d t h a t s t a n d a r d d e v i a t i o n s o f d i f f e r e n c e s were less than 0.03 f o o t between t h e NGWLMS f i e l d u n i t a c o u s t i c gage and t h e float-ADR gage.
The performance of the Aquatrak was independently e v a l u a t e d by The Johns Hopkins University's Applied P h y s i c s L a b o r a t o r y (APL) a t b o t h t h e i r Columbia, Maryland, f a c i l i t y and t h e i r Shady Side, Maryland, t e s t f a c i l i t y . R e s u l t s o f t h e i n s p e c t i o n a n d acceptance tests a t Columbia include the following: o No s i g n i f i c a n t measurement e r r o r s were caused by s t a t i c t e m p e r a t u r e extremes over t h e range of -20 t o 45 degrees C.
Some u n i t s c e a s e d o p e r a t i o n a t t h e e x t r e m e s , b u t r e s u m e d when t e m p e r a t u r e s were s l i g h t l y m o d e r a t e d .
The o b j e c t i v e o f t h e work a t Shady Side, Maryland, was t o a c q u i r e d a t a on e r r o r s i n d u c e d by temperature g r a d i e n t s a l o n g t h e sound tube, and a l s o t o b e g i n a c c u m u l a t i n g q u a l i t a t i v e d a t a on performance of the s e n s o r s u n d e r f i e l d c o n d i t i o n s . To s u p p o r t t h e primary objective, t h e i n s t a l l a t i o n s were designed t o p r o d u c e t e m p e r a t u r e g r a d i e n t s e x c e e d i n g t h o s e e x p e c t e d u n d e r n o r m a l o p e r a t i o n a l f i e l d i n s t a l l at i o n s . Results included the following:
o Temperature gradient-induced measurement errors are t y p i c a l l y l a s s t h a n 0.1 foot.
o T h e m a g n i t u d e o f t h e t e m p e r a t u r e g r a d i e n ti n d u c e d e r r o r s c a n be reduced by modifying install a t i o n p r o c e d u r e s . 
is defined as a problem t h a t results i n t h e loss of more than t h r e e h o u r s o f w a t e r l e v e l d a t a .
I n a d d i t i o n t o t h e t o t a l f a i l u r e s , t h e r e
had been t e n p a r t i a l f a i l u r e s , d e f i n e d a s f a i l u r e s i n e i t h e r t h e GOES t r a n s m i t t e r or telephone modem, r e q u i r i n g f i e l d r e p a i r . However, because there were two m o d e s o f d a t a t e l e m e t r y , t h e d a t a w e r e s t i l l c o l l e c t e d a n d r e c e i v e d a t h e a d q u a r t e r s ; and t h e r e p a i r s were made a t a convenient time.
With r e g a r d t o t h e a c o u s t i c w a t e r l e v e l s e n s o r r e l i a b i l i t y , t h e r e w e r e o n l y f i v e f a i l u r e s i n 220,000 h o u r s t h a t i n c l u d e d p r o t o t y p e n e t w o r k o p e r a t i o n and t h e APL/Shady S i d e f i e l d t e s t .
Because t h e A q u a t r a k r e q u i r e s a sounding tube, the e f f e c t s o f f o u l i n g were also examined. Based on test results from Duck, North Carolina, and o t h e r locations, thick-walled copper tubing used for the portion of the sounding tube t h a t is under water p r o v i d e s f o u l i n g r e s i s t a n c e a d e q u a t e enough t o require only annual maintenance at most sites and s e m i -a n n u a l m a i n t e n a n c e i n l o c a t i o n s of severe fouling. The present mounting configuration of the s e n s o r a l l o w s t h e c l e a n i n g o f t h e A q u a t r a k s o u n d . i n g t u b e w i t h o u t r e q u i r i n g d i v e r s a n d r e l e v e l i n g of t h e s e n s o r . 
AS a r e s u l t o f t h e t e s t

BEGINNING THE PRODUCTION PHASE
The t e s t a n d e v a l u a t i o n of t h e p r o t o t y p e u n i t s provided knowledge and e x p e r i e n c e s t h a t u l t i m a t e l y l e d t o t h e f o l l o w i n g m a j o r c h a n g e s i n t h e s p e c i f i ca t i o n f o r t h e p r o d u c t i o n f i e l d u n i t s :
o t h e s u c c e s s f u l c o n t r a c t o r would provide both t h e Data Collection Platform (DCP) and a i r -a c o u s t i c sensor o t h e f i e l d u n i t s w o u l d h a v e s i z n i f i c a n t l y i n c r e a s e d d a t a s t o r a g e c a p a b i l i t y o t h e f i e l d u n i t com2onents would be modularly packaged o t h e B a c h p Water Level Sensor would be p a r t of t h e f i e l d u n i t o t h e r e w o u l d b e a f l e x i b l e i n t e r f a c e f o r e x t e r n a l a p p l i c a t i o n s o an a n c i l l a r y m e t e o r o l o g i c a l package and an e x t e r n a l modem would be o p t i o n s o t h e t e l e p h o n e baud r a t e would be increased ( 3 0 0 t o 1200 baud) On November 7 , 1 9 8 6 , N O A A ' s Procurement Office i s s u e d a Request for Proposals (RFP) to develop and d e l i v e r 250 production field u n i t s over a four-year period. Table  111 is a b r i e f h a r d w a r e d e s c r i p t i o n of what i s e x p e c t e d t o b e b u i l t from t h e s p e c i f i c at i o n s i n t h e RFP.
Eighty-six companies requested c o p i e s o f t h e RF? and twenty-five were represented at the Pre-Bidders' Conference held on November 26, 1986. Several proposals were received on January 2 6 , 1987. After a detailed review by the Source Evaluation Board and i t s subcomponent, the Technical R e v i e w C o m m i t t e e , t h e s u c c e s s f u l c o n t r a c t o r was s e l e c t e d i n July 1987.
W i t h t h e s e l e c t i o n of a c o n t r a c t o r f o r t h e product i o n f i e l d u n i t s , NOAA moved from the Concept Evaluation and System Definition and S p e c i f i c a t i o n phases of i t ' s NGWLMS program and began t h e Production phase, Deployment of production field u n i t s will begin i n 1988. T h e I L S P w i l l i d e n t i f y o r g a n i z a t i o n a l r e s p o n s i b i l i t i e s f o r e q u i p m e n t a n d S o f t w a r e m a i n t e n a n c e i n c l u d i n g s k i l l a n d s t a f f i n g r e q u i r e m e n t s , f a c i l i t y and equipment requirements, a n d s u p p o r t i n g d o c u m e n t a t i o n . I t will Contain m a i n t e n a n c e t a s k d e s c r i p t i o n s and document maint e n a n c e p r o c e d u r e s p l u s p l a n s and procedures for w a r e h o u s i n g , a c c o u n t a b i l i t y a n d s p a r e p a r t s i n v e n t o r i e s and f o r c o n f i g u r a t i o n management.
As s t a t e d p r e v i o u s l y , t h e e x i s t i n g DPA sub-system f o r t h e NOS t i d e and u a t e r l e v e l o p e r a t i o n s c o n s i s t s of s e v e r a l d i f f e r e n t automated d a t a p r o c e s s i n g ( A D P ) s y s t e m s , a s s o r t e d c o m p u t e r s and s o f t w a r e , a n d standard operating procedures, all of which r e q u i r e s i g n i f i c a n t i n t e r a c t i o n by c e n t r a l o f f i c e p e r s o n n e l , and a r e S o f t w a r e , a s i d e from t h e DBMS, would i n c l u d e an o p e r a t i n g s Y s t e m ( s ) , a n d a s s o c i a t e d s y s t e m software. A commercial s t a t i s t i c a l package and a graphics package will also be included. Application Software Will i n c l u d e a s much a s is u s a b l e from t h e p r e s e n t systems, w i t h t h e f u l l suite of DPA software developed under a competitive cont r a c t .
The present computer system, based on a Concurrent C o m p u t e r C o r p o r a t i o n ( C C C ) Model 3210 with two megabytes of main memory i s e s s e n t i a l l y an i n t e r a ctive system. Each oceanographer/analyst does much of t h e t l t h i n k i n g t t r e q u i r e d f o r d a t a a n a l y s i s .
The projected system will be s t r u c t u r e d around a r e l a t i o n a l DBMS, and will be much more automated t h a n t h e p r e s e n t s y s t e m . R e c e n t e s t i m a t e s i n d i c a t e t h e future system will need a t l e a s t 16 megabytes of main memory to handle increased automation of DQA and a n a l y s i s f u n c t i o n s w i t h t h e number of users expected for the DBMS.
P r o j e c t e d o n -l i n e s t o r a g e b e g i n n i n g f o r FY 1987 workloads and continuing through the n e x t s i x y e a r s a r e 2 4 0 0 megabytes (MB) w i t h o f f -l i n e s t o r a g e e s t i m a t e s a t 6500 MB.
The NGWLMS system l i f e i s planned t o b e a minimum 
